, provide the base from which the earthquake hazard maps are produced. Trenching of suspected young faults along the west side of the Truckee Meadows during the previous geologic mapping program provides information on the recency of movement along two faults, which displace alluvial material.
To develop earthquake hazard maps more specific information is needed in the following areas: 1) details of the physical properties of the geologic units such as grain size, degree of sorting, weathering and induration; 2) geotechnical data on bulk density and bearing strength; 3) depth to groundwater and degree of saturation and 4) seismic velocities in the geologic units.
These data are needed to determine the probable response of the geologic units to earthquake induced stresses. Geologic units can be categorized as to their probable response during seismic shaking by their seismic velocities and bulk densities. Medvedev (1965) first recognized that there is a relationship between degree of structural damage resulting from an earthquake and the geologic material on which the structure was located. He classified geologic units into preliminary shaking intensity categories based on what he termed "seismic rigidity", which is the product of the rate of propagation of longitudinal (P) waves and the bulk density.
In this study we will follow the procedures initiated by Bingler, 1974 and modified by Trexler and Bell, 1980 . These include the determination of the suspected response of the geologic units based upon the product of the shear-wave (SH) velocity and the bulk density (p). The product of the values has been termed the "rigidity product". The classification derived from this technique are modified by the presence of groundwaterj saturated unconsolidated sediments are placed in the next higher classification if they are within 10 m (30 ft) of the surface. For a detailed discussion of the methodology involved, the previous report on earthquake hazard maps of Carson City, New Empire, and South Lake Tahoe quadrangles (Trexler and Bell, 1979) should be consulted.
The recency of faulting is an important aspect in the preparation of the earthquake hazard maps. By using USDA Soil Conservation Service soil maps and applying the technique developed by Trexler and Pease, 1979 -3-
SEISMIC VELOCITY MEASUREMENTS
The seismic velocities (Vp and Vs) were measured using a Nimbus 12-channel enhancement seismograph. A series of measurements including:
1) P-wave forward direction; 2) P-wave, reverse (source at opposite end of geophone string); 3) SH-wave, right and 4) SH-wave, left. This sequence of measurements provides data on the attitude of boundary layer (if present) and provides a reversal in the SH-wave first arrival when opposite ends of the plank are struck. This reversal in first arrival aids in discerning the SH-wave component and that shear wave arrivals are being picked and not some other surface wave form, Figure 1 .
A typical travel time plot of the SH-wave data is shown in Figure 2 .
This plot is from seismic measurement V-18 which was located on alluvial fan deposits in the Vista 7 1/2-minute quadrangle. The average velocity for the line is computed in this case between the triangles.
A total of 39 sites were occupied in the Steamboat and Vista 7 1/2-minute quadrangles. Fifteen sites representing eight distinct geologic units were measured in the Steamboat 7 1/2-minute quadrangle while the remaining 24 measurements were obtained on ten geologic units in the Vista The selection of sites for seismic velocity measurements was based on accessibility to the vehicle, areal extent and competency of the unit based on prior knowledge. Multiple measurements were made on units having large areal extent and low competency, whenever possible. Therefore, those units which have low SH-wave velocities and large areal extent receive more attention than other units, due to their incipient propensity for greater shaking potential. To categorize geologic units into probable (suspected) response groups the rigidity product is computed. The rigidity product is the product of the near-surface shear-wave (SH) velocity and the bulk density of the unit.
The values used in calculation of the rigidity products for the Steamboat and Vista 7 1/2-minute quadrangles are presented in Tables 1 and 2* The geologic unit having the lowest rigidity product values in both quadrangles is the fluvial-lacustrine deposits (Qf1). The values ranged from 599 to 1,214 using the range of SH-wave velocities and the mean density,
Values determined using the mean velocity and mean density were 722 for the Steamboat quadrangle and 1,000 for the Vista quadrangle.
The next lowest calculated value for the rigidity product was for a unit common to both quadrangles, the mainstream gravels (Qmg). Only one seismic velocity measurement site was occupied in the Steamboat quadrangle due to accessibility problems. The mean rigidity product for this unit is 1768. This value is comparable to mean values for young alluvium and alluvial fan deposits in the Vista quadrangle, but due to the degree of saturation of these deposits, they are considered to be less stable than the alluvial deposits.
Mean rigidity product values for young alluvium (Qa) range from 1,459 to 2,562. This large range in mean values for similar deposits in the two quadrangles result from the combined effect of higher mean velocities and densities in the Steamboat quadrangle. This disparity in rigidity products for similar geologic materials is not surprising over such a wide area.
The number of determinations used in calculating the respective values of velocity and density effect the calculated rigidity products. It is readily apparent the mean of 101 density measurements is a more realistic (Trexler and Bell, 1979) .
The shaking characteristics for the individual geologic units are computed from the SH-wave velocity and the bulk density. This value has been termed the "rigidity product" by Trexler and Bell (1979) . The geologic units within the Steamboat 7 1/2-minute quadrangle are grouped into five categories based on suspected seismic response. The rigidity product values and shaking categories for geologic units in the Steamboat quadrangle are presented in Table 3 . The map is Plate I in the pocket. It is doubtful that development would occur in the floodplains due to potential flooding, they are however, included with those deposits being the most susceptible for seismic shaking.
The eolian sand unit (Qe) is a thin, areally restricted deposit for which seismic velocity values are unavailable. The unconsolidated nature of these deposits would require that they be excavated before construction. They have been included here as having a high potential for seismic shaking so that these II  III  II  III  II  III  II  III  II  III  II  III  II  III  II  III   IV   IV   IV   IV   IV   IV Tahoe quadrangles (Trexler and Bell, 1979) . The faults previously mapped by Trexler and McKinny (1980) Faulting in the Steamboat 7 1/2-minute quadrangle can be divided into three categories based on age. The youngest fault activity is characterized by faults which displace deposits which have soils that are older than 10,000 years and younger than 35,000 years. These soils are identified using the method described by Trexler and Pease, 1979 as being those soils identified as Haplargids and Argixerolls. This degree of soil development is equivalent to the Churchill soil of the western Great Basin which has been assigned an age of 35,000 years (Trexler and Pease, 1979) . This age assignment is based on radiocarbon ages from the Wyemaha formation which range from 27,500 to 33,500 and a single pedogenic carbon date of 26,300 (Morrison and Frye, 1965) . Later work by Davis (1979) using tephrochronology and radiocarbon dating place the date for the beginning of the development of the Churchill soil at approximately 35,000 years B.P.
The next age that can be assigned to fault activity in the Steamboat 7 1/2-minute quadrangle is that which displaces soils of Sangamon age, which are approximately 100,000 years old. These ages are based on correlations between the development of the Cocoon soil which is pre-Tahoe age (pre-80,000 years). Based on continental correlations a 100,000 year date for a major interpluvial is apparent, which would equate with development of a mature soil such as the Cocoon. Correlations between the Carson Sink and the Truckee Meadows is based on the work of Birkeland, 1968 and Hock, 1972 who describe the relationship between glacial outwash terraces and alluvial surfaces with similar units and surfaces in the Lahontan sequence.
Other faults in the Steamboat quadrangle are post-Tertiary in age.
Based on slope morphology, none of the faults appear to be Pleistocene age or younger. Trenching of the most youthful appearing scarps in the Steamboat 7 1/2-minute quadrangle based on morphology, indicated that the last movement along these faults occurred during mid-Pleistocene time (Trexler and Pease, 1980) . Specific areas of fault activity are discussed below and are indicated on the accompanying maps. This indicates that the surface is not more than 35,000 years old. The faults are all in bedrock and the most westerly of the faults has relative displacement with the westside down.
Area 2: Brown-Washoe School Three faults in the immediate area either displace or bound Donner Lake age alluvium. A similar relationship occurs along the fault located approximately 1 mile south-southeast of Brown-Washoe School. Soils developed on the alluvium are Durargids. This type of soil development indicates the surface is older than 35,000 years and is probably equivalent to the Cocoon soil which is approximately 100,000 years old. Therefore, these faults are early to mid-Pleistocene in age.
Area 3:
The two faults in this area bound Dormer Lake age alluvium and have a similar relationship as the faulting in Area 2. In each case the older alluvial material is up on the southeast side relative to the northwest. Soils developed on the surfaces are Durargids indicating an age of midPleistocene for faulting.
Area 4: Virginia Foothills
The westernmost fault in this area juxtaposes alluvium and bedrock; the other faults displace Alta andesite and granodiorite. Soils developed on the basement rocks are Halargids, indicating that the surface on which they are developed is not older than 35,000 years. The alluvial-bedrock fault is also covered with Haplargid soils indicating a late Pleistocene age.
Area 5:
Faults in this area displace alluvial fan deposits that have Haplargid soils. Scarp morphology of the faults is similar to those faults which were trenched three miles to the north. Based on soil development and scarp morphology, the faults are late Pleistocene in age.
Area 6:
The fault along Miraloma Road was trenched during the previous contract period. The fault is pre-soil and since the soil is a Durargid the fault is early to mid-Pleistocene in age. The range bounding faults in this area have Haplargid soil over the scarps indicating a late Pleistocene age for faulting. The bedrock alluvium faults in this area and to the south are apparently late Pleistocene in age, while faults further to the north have Durargid soils covering the scarps. This would indicate that the faults to the north are older. Trenching at two locations along a fault segment that cuts alluvial fan deposits in the SW^ of section 23, T19N, R20E shows that the fault is pre-soil and that the soil being a Durargid indicates that faulting is early to mid-Pleistocene in age.
Delineation of Faults in the Vista 7 1/2-minute Quadrangle The faults previously mapped by Trexler and Pease (1980) form the basis for the potential for surface rupture in the Vista 7 1/2-minute quadrangle.
Low sun-angle photography was flown over the northern portion of the quadrangle at a scale of 1:12,000. Based on scarp morphology, the faults in the major bedrock units appear to be older than 12,000 years.
The northeast trending faults in the east-central portion of the quadrangle are subparallel to the Olinghouse fault located 16 miles to the northeast. Scarp morphology indicates movement along this segment of the fault occurred in 1869 (Sanders and Slemmons, 1979) . They indicate that maximum fault length and maximum fault displacement to earthquake magnitude relations correspond to an earthquake of about magnitude 7. Based on interpretation of low sun-angle photography and field mapping, evidence of recent movement along any of the northeast trending faults in the Vista quadrangle was not found.
Area 1:
The fault which bounds the bedrock of the Virginia Range in the southern portion of the quadrangle displaces older alluvial fan material in section 14 which has a Durargid soil developed on the surface. This relationship indicates that the age of last movement is probably mid-Pleistocene.
-25-Area 2:
The northwest trending fault at this location bounds deposits of Donner Lake outwash. The soils developed on these surfaces are a Durargid and a Haplargid. As indicated previously, the age of the surfaces are approximately 100,000 and 35,000 years old, respectively. 
